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Frequency dispersion characteristics and high-frequency
guided wave propagation of honeycomb sandwich panels

YAN Shi, CHEN Xiukun, WANG Xuenan, MENG Qingyi
(School of Civil Engineering, Shenyang Jianzhu University, Shenyang 110168, P. R. China)

Abstract: Debonded delamination is a typical form of damage to honeycomb sandwich panels (HSPs), which
can have a significant impact on the integrity and safety of HSP structures. However, monitoring signals are
insensitive to the debonded delamination. In order to address the issues of the wave performance applicability of
the deformation-based equivalent model for HSP structures and the difficulty in sensing signal feature extraction
for debonded delamination identification, an equivalent conversion method is used by changing an HSP structure
into a three-layered periodic structure, and the Comsol Multiphysics software is applied to calculate and draw
frequency dispersion curves. The present study investigates the applicability of guided wave performance in the
two models by comparing two kinds of finite element (FE) analysis results from the equivalent and actual models
of the HSP structure. The FE method is employed to investigate the feature of the debonded-induced-split flow
of guided waves. The model tests are used to validate the correctness of the frequency dispersion performance
and the debonded-induced-split-flow feature of high-frequency guided waves. The findings indicate that the

discrepancy in wave performance between the equivalent conversion and actual models is pronounced, given
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that the wavelength of the guided wave is less than a single cell height in the HSP. The debonded delamination

is the main reason for the debonded-induced-split flow, and it is recommended that the time-domain sensing

signals of high-frequency activated A,;mode guided waves are used as extracted features for the debonded

delamination identification of HSP structures.

Keywords: honeycomb sandwich panels (HSPs); ultrasonic guided waves (UGWs); frequency dispersion

characteristics; high-frequency guided wave; wave performance; debonded delamination identification
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Table 1 Material parameters of the skin plate

E,/GPa E,/GPa Uy [ G,y/(}PA (}yl/(}Pa

38.8 9.77 0.3137 0.324 14.767 5 2.937

K2 HFREZTEHRSH
Table 2 Material parameters of the equivalent

haneycomb core

E,/GPa  E/GPa v, Ve G,,/GPa G,./GPa

3.43X10°°%  2.99 1 3.79X107* 0.86x10°° 0.413

. *FERMIESRE - SH3CHK(15]

1\

L

50 100 150 200 250
HiZ /kHz

5 HEE FE SRR i Ze Xt b

Fig. 5 Comparison of phase velocity dispersion curves
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Table 3 Material parameters of the aluminum HSP

L RE/ (km/s)

structure
E/GPa o/(kg/m?) HER /N
70 2700 0.33

R4 SAHEHSPEHB LTS

Table 4 Geometric parameters of the aluminum HSP

structure
B 5 LMY B
5 /mm = /mm K /mm BEJE /mm
10 1 5 0.08

A1 2 (1) A (2) 353015 21 8 i W8 25 M L 2
BN S R . B A RUH T 49. 88 kg/m’s

R5 BETEASH

Table 5 Equivalent parameters of the honeycomb core

E,/MPa E./MPa v, v, G,/MPa  G,./MPa

0.662 1293.26 0.999 4.09X10°°  0.248 243.095
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Fig. 6 Dispersion curves of the aluminum HSP structure
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Table 6 Geometric parameters of the HSP structure and
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Fig. 9 Time-domain waveform of the excitation signal
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Fig. 11 Comparison of time-domain sensing signals of

actual HSP and equivalent HSP structures (f. = 30 kHz)
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actual HSP and equivalent HSP structures (f.=40 kHz)

[ 2, L 100 kHz 1F 8 Ul 5 5 1 s it i
BN /K R 4.6 mm, I B K 8 T
K (5 mm) JL-F- M 2. PR HSP 4544 1 i 38 4% 8% A
XTI B 13 BTN, P AR AR K 25 5 Ul B AR AL
HSP BRI g T 3R AE 5 0% 1 8 8h 470 .

1.0

0.5+

B

0.0

V3L HL

— fijfLHSP

0 5‘0 1(‘)0 1‘50 2(I)0 2;0 3;)0

) /us
B 13 ScBR HSP #1237 HSP /Y B8 45 S XF bk (£,=100 kHz)
Fig. 13 Comparison of time-domain signals of actual HSP

and equivalent HSP (=100 kHz)

i 3 %) b 0<</:<C100 kHz 38 Bl 1N 45 5 HSP 4%
¥ 5 5 bR HSP 450 1) 1% 8% A% 5 15 B 2 56 MR A
U R R (6) I, 253 HSP 45 09 R B JH T R AE 55 bR
HSP 25 ¥4 1) i1 3h Ji

A<<5l (6)

AN U RN s O e S K
2.3 SIE SRR

Ph 30 kHz A2 Bl A5 5 19 oo M 32 38 2 58
153 52 PR HSP 45 #4452 78 58 15 20457 B 3 1) 43 A, 1 [
4 frn. K140 W, 3305 %4 HSP 451
L% .

[ #, DL 100 kHz £ R 8 5 5 1 e i e, 1



B 5,5 8k B GIRHAF D SISk S 41

El14 SO SAES, =30 kHz BB IRER
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Fig. 17 Schematic of the FE model of the HSP structure
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Table 8 Group velocity comparison of the A, mode

BRI/ Hz RIS B/ (m/s) BISHEHE/(m/s)  R22/%

100 819 831 1.5
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250 1294 1267 2.1
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